The microwave spectra of CF 3 CN, CH 2 FCN, CHDFCN, CD 2 FCN and CHF 2 CN have been measured and analysed. The nuclear quadrupole hyperfine splittings due to 14 N have been measured by Microwave Fourier Transform spectroscopy. The nuclear quadrupole coupling constants, transformed to the bonding axis systems of the C-C = N groups, are shown to be in accord with structural predictions of the p-electron populations at the nitrogen atom.
I. Introduction
Detailed microwave spectroscopic data for fluorinated acetonitriles have previously been confined to the fully fluorinated symmetric top CF 3 CN [1, 2] . A preliminary summary of the rotational spectra of monofluoro acetonitrile, CH 2 FCN, was given some time ago by Job and Sheridan [3] , whose measurements form the starting point of the present study. Graybeal and Roe [4] reported findings in close agreement with this work. Measurements on this substance were extended by Job [5] to improve resolution of the l4 N-nuclear quadrupole hyperfine splittings, which were shown to accord with a coupling tensor no longer symmetric with respect to the C-C = N line. Job [5] also reported rotational constants for CHDFCN and CD 2 FCN, and for difluoro acetonitrile, but did not resolve nuclear quadrupole splittings for these molecules.
A main objective in such studies was the possible measurement of the effect of fluorine substitution on the l4 N-nuclear quadrupole tensors, and it was clear from the work summarised above that the resolution of conventional microwave spectrometers was insufficient to yield such information. Accordingly, we have extended studies of CF 3 Transform Spectroscopy (MWFT) where the resolution is such that new details of the small 14 N coupling effect in a number of molecules have been recently measured [6, 7] , The present MWFT measurements have yielded 14 N-nuclear quadrupole coupling constants of the required precision and have also allowed some refinements of the remaining spectroscopic constants.
II. Experimental
The fluoroacetonitriles were made by dehydration of the corresponding amides with phosphorus pentoxide [8, 9] , For CH 2 FCN and CF 3 CN, commercial samples of the amides were available, while difluoroacetamide was made in the standard way from ethyl difluoroacetate and ammonia.
All samples were fractionated before use. It was not possible [5] to obtain the deuterated species CHDFCN and CD 2 FCN by exchange between CH 2 FCN and D 2 0 under alkaline conditions, since hydrolysis of the nitrile was too rapid for any to be recovered in the deuterated forms [10] . Accordingly, [5] chloroacetonitrile was First deuterated by treatment with a D 2 0/H 2 0 mixture containing a little sodium carbonate, at 20 °C for 24 h. The nitrile was then separated, dried and the chlorine replaced by fluorine by treatment with anhydrous KF in dimethyl formamide at 100 °C. Measurements were made on the resulting mixture of CHDFCN and CD 2 FCN finally fractionated. 
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The MWFT measurements were made at Kiel in a spectrometer already described [11, 7] , Sample pressures were 0.5 to 0.05 mTorr and the cell temperature was -60°C. The measurements by Job and Sheridan at the University of Birmingham were made with a conventional spectrometer with Stark effect modulation at 100 kHz, selected transitions being partially resolved into hyperfine patterns in a simple video spectrometer.
III. Results and Analysis
The measured frequencies and their assignments are listed in Table 1 -3 for CF 3 CN, CH 2 FCN and CHF 2 CN respectively. The resolution obtainable in the MWFT instrument is illustrated by the hyperfine multiplet reproduced in Figure 1 .
The spectrum of CF 3 CN was analyzed with the symmetric top Hamiltonian including centrifugal distortion [12] . 
In the expressions (1) and (2) above the symbols have their usual meanings. Where resolution of hyperfine structure was obtained, this was analysed by first order treatment [12, 15] to give the nuclear quadrupole coupling constants and the unperturbed frequencies v unsplit . All fitting procedures were repeated until no further changes in the derived parameters were observed.
For the deuterated species CHDFCN and CD 2 FCN the smaller numbers of data were analysed by less elaborate means [5, 16, 17] Table 7 gives the results of the nuclear quadrupole analyses, in which only the lines measured in the MWFT instrument were used. It was checked that the energy levels of CHF 2 CN and CH 2 FCN are such that no lines of these substances within the range of the spectrometer are sensitive to y ac or Xab respectively. 
IV. Fitting of Structure Parameters
Structure parameters for CF 3 CN and CH 3 CN have been well established [2, 12] . The structure consistent with the inertial information now obtained for the asymmetric molecules CHF 2 CN and CH 2 FCN were considered partly to establish their consistency within the series of compounds, and in particular to allow placement of the a-axes within probable structures as a preliminary to the transformation of the nuclear quadrupole coupling constants into the bond-axis systems (Section V below).
For CHF 2 CN, with data for only the parent isotopic form, it was possible to fit only three parameters in an /-0 -structure. As indicated in Table 8 , six parameters were assumed from the known geometries in related structures and values were obtained as tabulated for r(C-F), < HCC and £ FCC.
For CH 2 FCN nine inertial constants were available (Table 6 ) and these were sufficient to fit only five structure parameters with three similar assumptions, as indicated in Table 9 . A higher number of parameters was correlated.
The values given for the parameters in these molecules are essentially preliminary and approximate on account of the necessity of making assumptions. The findings, however, support the view that r(C-F) in the monofluoro derivative is about the same as /'(C-F) in methyl fluoride [12] , while the presence of two fluorine atoms in the former methyl group in CHF 2 CN leads to a shorter /'(C-F), this shortening being continued in CF 3 CN [2] . These comparisons resemble findings in related cases [12] . Table 8 . Partial r 0 -structure of CHF 2 CN calculated with the rotational constants of Table 5 . Assumptions in brackets. The last two angles are derived from the fitted values. 
V. Comparison and Interpretation of the Nuclear Quadrupole Coupling Constants
The nuclear quadrupole coupling constants Xaa, Xbb and Xcc listed in Table 7 may be identified with the principal constants of the nuclear quadrupole coupling tensors only in the cases when the symmetry permits this, namely for CH 3 CN and CF 3 CN. For the asymmetric tops, only the measured coupling constants for the axes perpendicular to the molecular symmetry planes, Xcc for CH 2 FCN and Xbb for CHF 2 CN, are principal constants of the nuclear coupling tensors. To obtain estimates of the principal constants of the nuclear coupling tensors, we have made the usual transformation with the assumption that the C-C-N line will be a principal axis of the coupling tensor. In the light of experience with substances where this assumption has [12, 15, 20] . In all cases the / zz values show a dominance of the normal bonded structure C-C=N.
With the common assumption of sp orbitals on the N for the a-bond and for the lone pair in this form, and a coupling of 10 MHz per unbalanced p-electron, the predicted Xzz are numerically larger than observed. The lowering of the observed p-electron unbalance (U p ). is attributable to small contributions of states which contain negatively charged N. These are of two types. In the first of these the balancing positive formal charge is either on the cyanide nitrogen or distributed elsewhere with retention of axial symmetry. Such forms are represented in Table 10 by C-C + =N~ and labelled type (a). The second type, labelled type (b) in Table 10 , may be termed hyperconjugated forms in which the positive formal charge is on a hydrogen atom. For CH 3 CN such forms clearly allow the axial symmetry of the electron distribution to be retained, but for CH 2 FCN and CHF 2 CN they introduce asymmetry into the coupling constants in the bond-axis system. This is shown in 
